A method has been devised for calibrating and measuring aspects of displacement records of cardiac movement. Forty-five normal subjects have been studied using this method, and a normal range has been calculated for the heights of the a wave, systolic outward movement, rapid-filling wave, and the ratio of rapid-filling wave to duration. The consistency of the results obtained and factors producing variations are discussed.
cardiac apex in which all aspects of the recording may be exaggerated from a normal apex. Selective abnormalities of different aspects of the recording would become readily apparent by simple measurement assuming a calibrated method.
A method is here described whereby precordial movement records have been standardized. In this account the results obtained in normal subjects are described, and in another communication the results obtained in a group of abnormal patients are reported and compared to those of the normal controls.,, Methods Forty-five normal healthy adults were studied. They were drawn as volunteers from the staff and students of the University of North Carolina. All subjects had had routine physical examinations and chest x-rays. The distribution according to age, sex, and weight is shown in table 1.
All records were taken by the authors. Subjects were studied in the left lateral decubitus position at 450 with respiration uncontrolled. The records were made using a piezo-electric transducer which has a sensing surface at the end of a hollow air-filled rubber tube.* The sensing PRECORDIAL MOEOVEMENT Table 1 Distr-ibuitiont by Age The ability of the sensing head to respond to varying degrees of movement applied to it lhas been tested. The senising lhead was subjected to movements of 0.08 to 1.2 mm, and while the sensitivity setting on the recorder was kept constant, the deflections produced on the recording paper by differ-ent movements were measured. A straight-line relationship was obtained. At movemenits greater than 1.2 mm, the relationship is no longer linear, bu-t this degree of movement is outside the range for normal subjects and for all btut a few patients with ver-y hyperdynamic cardiac impulses.
In calculating the resuilts, tlhree aspects of the recording obtained have been-studied: (1) The shape of a normal record varied considerably, and the two main types are shown in figure 3 . Heart rate during the recording varied in the subjects studied from 50 to 100/min.
The heights of a, OM, and RFW, and the ratio of RFW/ duration are shown in Displacement records at the apex from two normal individuals showing variation in configuration of the record. Phonocardiogram (PA) shows separation of second heart sound in pulmonary area into aortic (A) and pulmonary (P) components. Abbreviations: SD -standard deviations; T.L. upper limit of tolerance which covers 95% of the population with 95% confidence. All values expressed in terms of X, the standard impulse. No significant effect on the heights of any of the waves measured, nor on the slope of the RFW was detected by analysis of different individuals at different heart rates.
Discussion
In this study, an attempt has been made to measure and analyze the displacement records of normal individuals and to determine the degree of individual variation. It will be shown in a subsequent account how the computation of a normal region is derived and that it discriminates patients with mitral regurgitation in terms of two variables from this normal group."
Many qualitative accounts of the features of a normal apical displacement record have been written.12-14 Particularly, the a wave is related to atrial contraction, the OM to ventricular systole, and the RFW to filling of the ventricle in early diastole. The precise physiological correlates of an apical displacement record have not been defined, but it is likely that the record reflects intracardiac Circulation, Volume XXXV, March 1967 changes in pressure and volume during the cardiac cycle, the thickness of the ventricular wall, as well as rotational and other forms of cardiac movement. It is supposed that under stable conditions these factors will be approximately constant from normal individual to individual, and any variation in displacement records could be attributed to the anatomic aspects of the chest wall or the technical problems of recording. Thus, the thickness of the chest wall, and the relative proportion of fat, muscle, bone, or mammary tissue may account for variations in the record. The width and elasticity of the intercostal space and alterations in these produced by skeletal distortion such as kyphosis or scoliosis may be important also. No attempt has been made in this study to control these variables, any of which may be responsible for reduction or even obliteration of movement. Such control is not necessarily important since, in most cases, clinical cardiac abnormalities result in an exaggeration of one or more aspects of the impulse. Table 2 shows the individual results of the variables measured on the normal subjects. With two or three exceptions, the a wave heights are remarkably consistent. These are usually small deflections to measure, and it may be difficult to be certain where the wave begins and ends as it may merge with the slow-filling wave, which precedes it, or the systolic outward movement, which follows it. The range for OM in these subjects is much greater than for a or RFW, which is to be expected as the OM is the dominant wave in a normal displacement record. The RFW is intermediate between the a wave and the OM. The correlation between a, OM, and RFW is relatively high implying that in normal individuals these three variables are associated, and dissociation occurs as a result of anatomic factors or physiological influences (table 4) .
The group has been analyzed in terms of sex and no significant variation is produced by this factor. Similarly weight alone is not a factor in producing significant variations in these measurements. The effect of heart Circulation, Volume XXXV, March 1967 rate on the apical displacement record of a normal individual has not been determined by this study. Although no significant variation was observed in analyzing the records of different individuals at different heart rates, the effect of altering heart rate in the same individual was not studied. Practical difficulties, such as increased respiration and variation in position of the cardiac apex, make it hard to produce reliable displacement records immediately after exercise. Pharmacological methods of varying heart rate might be of interest, but it would be difficult to separate chronotropic from intropic effects.
The age range of the subjects was chosen In eight normal subjects (18%) it was not possible to make a recording. This figure is probably representative of normal clinical experience. In 500 young men, Isaac and Levy"6 were unable to palpate an apex beat in 105 (21%). Niehaus and Wright'7 reported that of 1,000 normal subjects, only 54% of the males, and 55% of the females up to 20 years of age had palpable apex beats. In the age range 20 to 30, only 27% of normal men and 39% of normal women had palpable apex beats-a very low figure.
The figures which have been derived for normal subjects are applicable only to the particular calibrator used and described here, and the particular Hellige transducer-pick-up system. It is stressed that before making measurements on patients with heart disease, it is essential to derive control values in a group of normal individuals using the particular calibrator and transducer which will be employed in the abnormal group.
The technique of obtaining precordial records at the cardiac apex requires patience and attention to detail. This is particularly true of locating the precise point of maximal discrete impulse. Just as in the case of phonocardiography, the record must be taken by the clinician assessing the patient.
